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ABSTRACT
The Air Force Research Laboratory (AFRL) Space Vehicles Directorate has developed the Demonstration and
Science Experiments (DSX) mission to research technologies needed to significantly advance Department of
Defense (DoD) capability to operate spacecraft in the harsh radiation environment of medium-Earth orbits (MEO).
The ability to operate effectively in the MEO environment significantly increases the DoD’s capability to field space
systems that provide persistent global targeting-grade space surveillance, high-speed satellite-based communication,
lower-cost GPS navigation, and protection from space weather on a responsive satellite platform. DSX uses a
modular design that allows for launch either as a primary satellite on a conventional launcher, such as a Minotaur, or
as a lower payload on a larger rocket, such as the Evolved Expendable Launch Vehicle (EELV). A key enabler to
this modular design is the use of a standard micro satellite bus. An overview of the DSX spacecraft system design,
spacecraft subsystems, and engineering approach will be described.
INTRODUCTION
The Demonstration and Science Experiments (DSX)
flight program is AFRL’s fourth space science
technology experiment (SSTE4). It was originally
conceived by AFRL researchers in 2003 to conduct
physics based experiments, and was selected as an
AFRL mission in 2004. With primary funding from
AFRL, DSX enjoys additional support from NASA,
and is comprised of elements provided by AFRL,
NASA, academia, and many contractors. The DSX
spaceflight experiment comprises three major research
areas that together pave the way for new DoD
capabilities in space surveillance, small satellites with
significant operational capabilities, and protection of
space assets from natural and enhanced radiation
environments.
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The DSX experiments include research in three major
experiment categories. The physics of Very Low
Frequency (VLF, 3-50 kHz) electromagnetic wave
injection from space and ground-based transmitters,
propagation, and wave-particle interactions in the
magnetosphere comprises the first category, Wave
Particle Interaction Experiments (WPIx). Equipment
on DSX will transmit and receive VLF waves and
quantify their effect on the trapped electron populations
in the magnetosphere. Detailed measurement and
mapping of high and low energy particle and plasma
distributions; radiation dose rates, local magnetic fields
and pitch angle distributions in the poorly characterized
MEO environment and slot region make up the DSX
Space Weather Experiments (SWx). The third major
1
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and thermal control. The DSX payloads (including
deployable antennas) are mounted on the PM. The AM
and the PM structure together comprise the DSX Host
Spacecraft Bus (HSB). The entire assembly is designed
to be stowed within a four meter diameter EELV
fairing.
After the upper satellite is deployed, the DSX ESPA
separates from the EELV second stage booster to
become a free-flying spacecraft. Unlike the standard
ESPA ring, DSX’s has an upper separation interface to
the upper payload (or its adapter) as well as a lower
separation interface to the EELV upper stage adapter.
Figure 2 shows DSX and identifies its major
components in a stowed configuration. The mission is
baselined for flight between the radiation belts with a
nominal orbit of 6,000 km x 12,000 km elliptical, midinclination, and one year of mission operations.
From the earliest DSX conceptual planning, it was
understood that the key to a successful program
execution was maximizing DSX’s compatibility with
numerous launch vehicles. While the ESPA-based
approach makes every EELV a potential ride, not all
co-manifest opportunities possess sufficient excess
launch vehicle performance to inject DSX into a MEO
orbit. Therefore, flexibility in the design will be
maintained for as long as possible to allow repackaging
DSX for flight on dedicated launchers. Inherent in the
modular approach shown in Figure 2 is the ability to
separate the two modules from the ESPA ring, and
directly stack them in a vertical assembly for a
dedicated launcher. The stacked HSB configuration is
shown in Figure 3, and fairing encapsulated views of
DSX are shown for EELV, Minotaur IV/V, and Falcon
5 in Figure 4. This modular architecture not only
makes DSX reconfigurable for various launch vehicles,
but it also greatly simplifies payload integration.

experiment category, Space Environmental Effects
Experiment (SFx), involves characterization of the
effects of space weather and the space environment on
materials and electronics.
Coupling these experiments into a single platform
provides a lower-cost opportunity for AFRL due to
their common requirements and goals. All three
experiments need a 3-axis stabilized spacecraft bus, a
suite of radiation sensors, and extended duration in a
MEO orbit.
One of the many challenges that the DSX program
faces is to develop a spacecraft concept that
accommodates the mission objectives and specific
experiment requirements within the cost constraints.
The innovative approach selected is to incorporate an
existing bus design into an unprecedented spacecraft
concept. Specifically, the program chose to use the MSI
bus that was developed for the TechSat 21 program
(and refined for the TacSat-2 mission) coupled with the
ESPA Ring.
SPACECRAFT CONCEPT
The functional baseline configuration for the DSX
flight experiment is shown in Figure 1. The spacecraft
is built around the Evolved Expanded Launch Vehicle
(EELV) Secondary Payload Adapter (ESPA) Ring [1,2]
in order to maximize launch opportunities on both
Space Test Program (STP) and operational DoD
launchers. Every EELV launch is a potential ride for an
ESPA ring, and thus also for DSX. The ESPA ring was
originally designed to accommodate up to six
secondary payloads which were to separate from the
ESPA ring and fly as individual spacecraft after the
upper payload separated from the launch vehicle. The
DSX concept is to use the ESPA as the primary
structure of the spacecraft. In other words, instead of
deploying secondary microsatellites, the ESPA ring
becomes part of the spacecraft. The spacecraft avionics
and science payloads are housed in a pair of modules
that are mounted on opposite ends of the ESPA ring.
The two modules are derivatives of the bus developed
by MSI for TechSat 21 and currently flying for the
TacSat-2 mission.
This innovative approach
demonstrates the versatility of the bus design and
validates the primary design goal of developing a
spacecraft bus that could easily be adapted to
accommodate a variety of spacecraft mission and
science objectives.
The DSX mission is using the same base structural
design for both the avionics module (AM) and the
payload module (PM). The AM provides host
spacecraft functions that include command and data
handling, power collection and distribution,
telecommunications, attitude determination and control,
Heinsohn
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Figure 1. DSX baseline deployed configuration
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Figure 2. Demonstration and Science Experiments (DSX) stowed configuration
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stiffness critical designs. An aluminum foil outer panel
surface is provided for equipotential grounding of the
spacecraft equipment. The avionics structure on its
assembly stand is presented in Figure 5.

Figure 5. DSX Avionics Module Structure
Detailed finite element models (FEMs) along with
classical stress and dynamic analysis methods validated
on the TechSat 21 and TacSat-2 programs ensure the
structural reliability of the design. In addition to the
stowed FEM, a deployed FEM has been created to
predict deployed natural frequencies and mode shapes.
These parameters are passed along to the attitude
determination and control systems group for their
control system analyses.
MSI has developed analytic tools, anchored through
extensive component testing, specifically for bus panel,
joint, and equipment mounting stress analysis, which
enables MSI to rapidly optimize the bus structures and
equipment interfaces. The stresses and frequencies
predicted for the TechSat 21 and TacSat-2 structures,
using MSI’s FEM’s and analytic tools proved to
correlate extremely well (within 3%,) with the values
measured during the qualification testing of these
structures. These proven modeling techniques are used
to ensure successful qualification of the bus structures
for DSX.

Primary Payload
(placeholder)

Figure 3. DSX stacked configuration for dedicated
launchers

DSX Command and Data Handling
Figure 4. DSX Encapsulated from left to right Atlas
V EELV, Minotaur IV/V, and Falcon 5

The DSX Integrated Avionics System (IAS) built by
SEAKR Engineering Inc., provides all spacecraft level
power switching, commanding, and data handling
functions. The IAS consists of a Rad750 Processor, a
Controller Card, I/O Card, Guidance Navigation
Interface Card, Analog Acquisition Card, four
Universal Power Switch Cards, a Solar Array / Battery
Control Card, Power Supply and Backplane. Primary
commanding and data are across RS-422 interfaces.
Primary switched power to the spacecraft elements is

DSX HOST SPACECRAFT BUS SUBSYSTEMS
DSX Structural Design
The AM and PM structures consist of a 10-sided
composite sandwich panel enclosure. Individual panels
are made of carbon fiber/polycyanate pre-preg
facesheets bonded to an aluminum honeycomb core to
provide a high-stiffness panel and enclosure for
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design of the solar array and battery. This tool
incorporates the spacecraft loads and duty cycles and
performs an energy balance analysis for the spacecraft
for a given orbit and/or day. The solar array is a single
wing with three panels of triple junction cells for a total
active area of 4.27 m2. This provides a beginning of life
peak power of 1361 W. Figure 7 depicts the solar array
in both the stowed and deployed configurations. The
battery is an off-the-shelf design Li-ion chemistry and
sized for 60 A-hr. After one year in the harsh radiation
environment of MEO it is predicted that the power
system will provide at least 350 W of orbit average
power to the payload suite.

28 Vnominal. The IAS also supports discrete I/O, analog
inputs, and element specific interfaces, such as switches
for the Torque Rods. An image of the IAS Flight Unit
is presented in Figure 6.

DSX Telecommunication
The Telecom subsystem as shown in Figure 8 is
used to provide radio communication with Air Force
Satellite Control Network (AFSCN) ground stations for
command and telemetry. The uplink, or command
path, is transmitted (Ground to Space) in L-Band and
the downlink, or telemetry path, is transmitted (Space to
Ground) in S-Band.
The telecom subsystem is
comprised of 8 major component types:
The
transponder translates RF signals to digital signals; a
Power Splitter splits the signal between the zenith and
nadir AFSCN antennas; a Coupler splits the signal
between the Patch Antennas and the Medium Gain
Antennas (MGA); 2 dual-stacked patch antennas
receive signals; a diplexer isolates the transmit signal
from the receiver signal; 6 helix medium gain antennas
transmit high speed downlink signals; and 5 SPDT RF
Switches select one of the six helix antennas for
transmission based upon which has the ground station
in its field-of-view. The six MGAs are oriented normal
to the solar array so the spacecraft can always be
oriented with the array pointed at the sun and an
antenna pointed toward the earth.

Figure 6 Integrated Avionics Unit
DSX Power Collection and Distribution
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Figure 7 DSX Solar Array
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The DSX power subsystem provides power for
spacecraft components and payloads at 28 +6/-4 VDC.
The solar array and battery are sized for worst case
power usage/duty cycles to maintain the system in a
power positive condition. MSI uses the ANSI-AIAAG-020-1992 guidelines for minimum standard power
contingencies determined by baseline component
assessment of heritage and power range. MSI also uses
a proprietary power model tool to help in the initial
Heinsohn

6x MGATx
2x SP3T
Switch

Figure 8. DSX Telecom Subsystem Block Diagram
DSX Flight Software
The DSX software consists of four major
components: 1) Startup Code, 2) Stand-alone C Code
(SCC), 3) Space Vehicle Management Software
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from nadir to sun. The ADCS is based on highly
reliable flight-qualified components to provide a lowrisk, low-cost solution. The very large inertias of the
DSX spacecraft provide a significant challenge in
controlling the attitude of the spacecraft in either of the
two primary modes which are solar inertial and
magnetic field line tracking. Advanced Solutions Inc.
(ASI), performed extensive optimization trades and
analysis to provide the required three-axis control
within the requirements, while preserving the mass and
volume benefits of the small satellite package. The
reaction wheels, torque rods, IMU, magnetometer and
sun sensors all are flight qualified and provide a highly
capable ADCS. The IMU and magnetometer are
located on the PM to minimize pointing errors for the
payload suite.
The ADCS provides 3-axis attitude determination
and control to the spacecraft for the following mission
functions: 1) Initial Attitude Acquisition 2) Safe Mode
Operations (Extended Operations in Power and
Thermally Safe Attitudes) 3) Spacecraft Slewing
Operations (Slew to Commanded Attitude; Slew at
Commanded
Rate;
Change
in
Pointing
Attitudes/Modes) 4) Payload Operations (magnetic
field track; and Sun Track).

(SVMS), and 4) Optional Software Payloads. The
SVMS is what is most commonly thought of as the
"core" flight software. The SVMS contains a number
of specialized device "managers". There is typically a
device manager for each unique type of device, and is
responsible for communicating with the device in its
native protocol and with the spacecraft using the
spacecraft protocol. The spacecraft protocol is a
CCSDS variant, and is the same data protocol used for
most onboard communications and communications
with the ground. The use of the device managers
provides for a modular flight software system, in which
the vast majority of the flight software can remain
unchanged from program to program, with most of the
change occurring within the modular device managers.
Furthermore, major components of the SVMS
communicate with one another using VxWorks
message queues, making it easy to move the software
system from a central processor architecture to a more
distributed architecture by making use of the VxWorks
distributed message queue capability. This is, in fact,
currently in the process of being done within MSI for
another program.
DSX Thermal Design
The MSI approach to thermal design is to use the
simplest system possible and add technology where
needed to resolve specific issues. The thermal control
subsystem (TCS) for the DSX mission is a basic design
using flight proven components. The thermal control
suite includes white coated, fixed radiating surfaces and
black internal coatings, multi-layer insulation (MLI),
temperature sensors and software controlled heaters.
The software controlled heaters circuits are
reconfigurable and sized using 50% capacity margin at
worst case low voltage conditions. The MSI thermal
analysis tools use a worst case analysis approach where
bounding parameters for environment, power, attitude,
and thermal properties are stacked to create a worst
case profile.
The radiator coatings are a white paint which is
durable and experiences little degradation with time.
The internal surfaces are coated with black paint. The
MLI is Kapton outer layers and Mylar inner layers.
Temperature monitoring is achieved with various
temperature sensors with external mounted units similar
to those used on the TacSat-2 project. In areas where
the expected temperatures will exceed the temperature
sensors capability, thermistors will be used.

DSX SCIENCE EXPERIMENTS
Wave-Particle Interaction Experiment (WPIx)
The Earth's radiation belts exhibit considerable
dynamic behavior, ranging from the creation and
destruction of whole new belts in the outer zone (>
6,000 km) occurring on time scales of minutes to days
and the slower diffusion of the innermost regions (<
6,000 km) occurring on timescales of months to years.
A major cause of the energetic electron belt dynamics
are
wave-particle
interactions
driven
by
electromagnetic waves in the VLF range and below.
Properly directed, this scattering will increase an
electron’s velocity parallel to the local magnetic field
by altering the "pitch-angle" (the angle between the
particle's parallel and perpendicular velocity
components), thus lowering the altitude at which the
electron magnetically reflects along the field line, an
effect due to the conservation of magnetic moment as
shown in Figure 9. If the magnetic reflection is lowered
to altitudes within the upper atmosphere, collisions with
the plentiful neutral particles will lead to a depopulation
of the radiation belt along that magnetic flux tube.

DSX Attitude Determination and Control
The Attitude Determination and Control Subsystem
(ADCS) is developed by MSI’s strategic partner
Advanced Solutions Incorporated (ASI). The ADCS
provides a three-axis stabilized precision pointing
platform that facilitates payload pointing anywhere
Heinsohn
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Figure 9. The VLF Wave-particle interaction process

Figure 10. Space weather data from TSX and DSP shows lack of data in MEO
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correlation with the performance of the spacecraft and
its payloads over the course of the mission may be
performed.
Deficiencies of current standard radiation belt
models in the inner magnetosphere include the lack of
(a) spectrally resolved, uncontaminated measurements
of high energy protons (10-400 MeV) and electrons (130 MeV) and (b) accurate mid to low energy (< 1000
keV) measurements of the energetic particle and plasma
environment. Not surprisingly, most of the space
weather data to-date has been accumulated in the LEO
and GEO regimes, as illustrated in Figure 10 with data
from dosimeters aboard the TSX-5 and DSP satellites in
LEO and GEO, respectively. The Space Weather
instruments onboard and the unique orbit of DSX will
address these deficiencies. Included will be electron
and proton detectors that will measure both the spectral
content and angle of arrival of both particle species
over broad energy ranges. An on-board magnetometer
will allow for the transformation of angle-of-arrival
measurements into estimates of the flux distribution
with respect to the local pitch-angle (the angle between
the particle velocity and magnetic field). Local pitchangle distributions can then be used to estimate global
particle distributions by mapping techniques using the
well-known equations of motion and magnetic field
models tagged to the local measurements.

Natural sources of VLF in the magnetosphere include
magnetospheric hiss generated by space weather
processes and lightning-induced whistler waves
propagating along field-aligned ducts through the
magnetosphere. To match current models of radiation
belt dynamics to the observed behavior of electrons, it
is necessary to postulate that man-made VLF leaking
into the magnetosphere from ground-based submarine
communications systems is also a significant source.
Direct measurements of VLF power have been sparse
because scientific satellites with the required capability
have been in highly elliptic orbits with apogee > 6
Earth radii and consequently spend most of their time
outside the inner belt and slot region. Placing a VLF
receiver on the DSX satellite will allow for a
quantitative determination of the current levels of
natural and man-made VLF waves in the inner
magnetosphere. Models of ground-based VLF injection
and global magnetospheric propagation will also be
validated in a controlled manner. The VLF transmitter
on DSX will provide the capability to conduct active
experiments to quantify space-based VLF waveinjection efficiency and determine the details of the
wave-particle interactions. An electron loss cone
detector on DSX will allow direct correlation of
changes in energetic particle distributions with injected
wave power. Accurate models of the VLF injection,
propagation, and wave particle interaction processes
will be developed and validated with DSX data. Such
models are critical components of global radiation belt
nowcast and forecast models required for space
situational awareness and mission planning.

Space Environmental Effects Experiments
The SFx is designed to study the effects of space
weather in the presence of spacecraft, the performance
of spacecraft hardware in this environment, and
accommodations and/or mitigation techniques for the
environmental effects. The payloads supporting SFx
include the NASA SET-1 and AFRL radiometers and
photometers. The SET objective is to improve the
engineering approach to mitigate the effect of space
weather on spacecraft design and operations so that new
technologies can be infused into future space missions
without adding risk. Specifically SET will be
instrumented to measure cosmic radiation, spacecraft
charging, effects on bipolar junction transistors, and
single event effect (SEE) mitigation. The objective of
the radiometers and photometers is to determine the
effects of space weather on typical spacecraft surfaces.
The radiometers use the thermal response of two
isolated temperature sensors to monitor the change of
thermal control paint (such as AZ93), or a radiator
surface (such as silver-Teflon), properties throughout
the mission. The photometers are similar to the
radiometers in that they measure the change in surface
properties, however, they focus on optical degradation
for applications such as star trackers, imaging devices,
or spacecraft-to-spacecraft laser links.

Space Weather Experiments (SWx)
With an orbit 6,000 x 12,000 km, DSX will explore
a large swath of the inner magnetosphere, in particular
the outer region of the inner proton belt, the “slot
region”, and inner regions of the outer electron belt.
This domain has remained largely unexplored due to
the understandable tendency of military, commercial,
and scientific satellite systems to be located outside the
intense regions of radiation, most often at LEO or GEO.
However, increasing demands for uninterrupted
coverage of the Earth from space are driving planners
to consider putting satellite constellations in orbits
spending significant time in the inner magnetosphere.
Current standard space particle models can be off by as
much as 50 times or more in estimating the time taken
to reach hazardous dose levels in the MEO regime. It is
imperative that measurements be made of the plasma
and energetic particles so that adequate climatological,
situational awareness, and forecast models can be
developed to enable the successful design and
operations of systems in these new and desirable orbit
regimes.
In addition, accurate environment
determination is important for DSX so that quantitative
Heinsohn
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together represent a possible path finder for future
rapid-response spacecraft. With this approach, the
DSX avionics module can be designed, integrated, and
delivered before all the payloads have completed their
development cycle, or even been selected. The next
evolutionary step for this technology involves adding
networking capabilities and enhancing the flight control
computer so they are pre-programmed to selfconfigurable spacecraft subsystems, components,
devices, and payloads.
This allows for rapid
configuration and integration of off-the-shelf, modular
spacecraft consisting of pre-defined building blocks “on
the fly”.

ENABLING TECHNOLOGIES
Historically, spacecraft payloads have been
produced via end-to-end development of the entire
payload system as well as significant development of
key satellite bus components with interfaces to the
payload such as the flight computer and power
management system.
As part of this effort, a
considerable fraction of the engineering development
required to produce a working system is devoted to
specifying, developing, and testing the components
designed to perform payload functions that, in general,
fall under the category of payload interface electronics
for data acquisition and control. This approach is not
conducive to rapid response missions because it
depends on monolithic integration methods.
Monolithic integration of a satellite involves assembly
of many components simultaneously. This can present
an integration and test nightmare, where debugging
problems found in system level testing and routine
maintenance of the vehicle can be very complex and
costly to perform.
Modular integration on the other hand allows major
subsystems and payload modules to be fully integrated
and functionally tested separately. System level testing
can be performed in a “FlatSat” configuration, preintegration where the subsystems are wired together
using test harnesses to verify connectivity as well as
performing closed-loop performance tests. This allows
for much faster isolation of problems and shorter
integration spans.
DSX maximizes the benefits of modular integration
via an architecture that requires that all devices adhere
to a standard interface for control and communications
(electrical, power, command & communications
protocol). This is enabled by the use of dual-redundant
network interface cards (NICs) in the Experiment
Computer System (ECS) chassis that provide for
command and data interface between the flight control
computer and all payloads. Rather than a single onboard computer responsible for handling all spacecraft
functions, DSX unburdens the main spacecraft
computer with the payload related operations, by
providing a dedicated payload interface computer, or
Experiment Computer System (under development by
Planning Systems, Incorporated). This architecture
decouples the requirements of the flight computer with
the design of the payloads, allowing for a completely
standardized spacecraft flight computer, almost
independent of payload requirements. The highly
capable ECS design is also generalized in nature, so
that it can handle a wide range of payload types and
classes simultaneously, with low data latency. An ECS
block diagram is provided in Figure 11.
These modular avionics technologies complement
the modular, reconfigurable mechanical design, and
Heinsohn

Figure 11. Experiment Computer System.
CONCEPT OF OPERATIONS (CONOPS)
The DSX mission starts with launch as a lower
payload on an EELV. During launch, DSX is in a
minimally powered state, so that it may detect a
separation signal. Following separation of the upper
payload from atop DSX, it is likely that the EELV
upper-stage would need to be re-started in order to
inject DSX into the correct orbit. At this point, DSX
then separates from the upper stage. Upon detection of
the separation signal, DSX will undergo a series of
autonomous scripted commands to initialize the bus.
After successful initialization, the solar array is
deployed, spacecraft rates are damped, and then the
spacecraft slews in a “Sun search” mode to point the
solar array on the Sun. At this point the spacecraft will
be in a power and thermally safe state. Next, the
spacecraft will wait for initial acquisition of signal from
the ground at which point it will report the state of
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Beyond the value of the scientific experiments,
DSX is also path-finding a new, responsive approach
for integrating spacecraft. The modular spacecraft
design allows reconfiguration for multiple launch
vehicles, as secondary or primary – this flexibility
maximizes DSX’s manifest opportunities. In addition,
a “standard” host spacecraft approach, limiting the
development risk to the experiments alone.
The implementation of the MSI standard
microsatellite bus for both the AM and PM validates
the fundamental design concept to provide a versatile
highly capable microsatellite for a variety of diverse
space missions.

health of the spacecraft. Ground controllers will then
perform various checks to verify the spacecraft state of
health before initiating any antenna deployments.
Antennas will be deployed in pairs: z-axis pair and yaxis pair. Upon completion of these deployments, the
ADCS will damp rates and orient the spacecraft such
that the array is pointing at the Sun again. Additional
in-orbit tests are performed before the spacecraft
assumes an operational mode. The scheduling of the
sequence of events from separation though entering the
operational phase is being developed, but is expected to
be accomplished in under one week.
Once the spacecraft is operational, routine
commanding and data collection will be initiated.
Because spacecraft resources (namely power and data
volume) are limited, and because certain experiments
can only be operated at certain times and locations
within the orbit, experimental payloads are duty cycled
to fit within the capabilities of the DSX spacecraft. In
general, the SFx and SWx instruments will operate
continuously with only limited ground intervention,
such as occasional commanding to adjust threshold and
gain settings. They would only be turned off if an
anomalous condition causes the spacecraft to enter safe
mode. The most demanding constraints are associated
with the WPIx measurements, since these consume the
greatest power (during the high power Whistler
transmission mode), generate the most data, as
collected from the broadband receiver, and accumulate
the most momentum, requiring ADCS magnetic field
tracking.
For science reasons, the high power
transmissions can be constrained to occur when the
spacecraft is within ±20° latitude of the equator, and
because of power limitations the transmission durations
will generally be limited to no more then 30 minutes
per orbit. A detailed year-long mission timeline is
being prepared to plan all DSX operations and
coordinate ground resources.
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SUMMARY
AFRL’s DSX mission is well underway. The
Spacecraft Systems Requirements Review (SRR) was
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Heinsohn

7.

10

8.

The following references are not directly called
out in this paper, but nonetheless provide relevant
background information on related subjects:

9.

[7] Martin, M., Klupar, P., Kilberg, S., Winter,
J., “TechSat 21 and Revolutionizing Space
Missions Using Microsatellites,” USU Small
Satellite Conference, 2001.
21st Annual AIAA/USU
Conference on Small Satellites

10.

[8] Winter, J. and Anderson, N., “Distributed
Aperture Implementation On the TechSat 21
Satellites, IEEE Aerospace Conference, 2003.

11.

[9] Cohen, D., Greeley, S., Kemper, S., King, J.,
Davis, L., Spanjers, G., Winter, J., Adler, S.,
Easley, S., Tolliver, M., “The Deployable
Structures Experiment: Design of a Low-Cost,
Responsive R&D Space Mission,” Paper
#SSC04-I-6, 18th Annual/USU Conference on
Small Satellites, Logan, UT, August 2004.

12.

[10] Cohen, D., Wieber, J., King, J., Kemper, S.,
Stephens, S., Davis, L., Spanjers, G., Winter, J.,
Adler, A., Easley, S., Tolliver, M., Guarnieri, J.,
“The SSTE-4: DSX Flight Experiment: Design
of a Low-Cost, R&D Space Mission with
Responsive Enabling Technologies,” Paper
#2005-3004, AIAA 3rd Responsive Space
Conference 2005, Los Angeles, CA, April 2005.

Heinsohn

11

21st Annual AIAA/USU
Conference on Small Satellites

